
REALITY IS ONLY A WORD

1. It Might be Weird but it Works!

Quantum mechanics1 is the physics of the very small. The story I want to tell
here will focus mainly on a peculiar feature of that world called entanglement
and its implications for how we understand ‘reality’. Erwin Schrödinger, one of
the founding fathers of quantum theory, coined the term entanglement in 1935.
He regarded it as “...the characteristic trait of quantum mechanics, the one that
enforces its entire departure from classical lines of thought.” Certain aspects of
quantum mechanics can appear weird, absurd even, yet it is an article of faith
amongst physicists that quantum theory is the greatest human achievement of the
20th century.

It is both beautiful in its mathematical formulation and powerful in terms of
its explanatory reach. Questions as diverse as why the sky is blue and the grass
is green, to what makes rocks hard, to why the sun shines, all find their ultimate
explanations in quantum mechanics. Its accuracy is unprecedented. There has
never been a more finely tested physical theory2. Over the past hundred or so
years it has been subjected to ever more ingenious and subtle experimental tests
and its predictions have always been confirmed. Upon its validity rests the huge
edifice of technology which defines modern life — it led directly to the invention of
the transistor, a device which one way or another is behind all modern electronics.
There would be no lasers without quantum mechanics nor would there be the
nuclear magnetic resonance imaging technology so important in modern medicine.
I could go on. In summary, quantum mechanics works!

So where’s the weirdness? Well for one thing we’re used to being able to visu-
alise what’s going on in our physical theories. But taking literally the quantum
mechanical description of the atomic world, applying to it the visual grammar of
our intuition, we find ourselves mired in a philosophical house of mirrors, encoun-
tering paradoxes at every turn. The problems arise from certain peculiar features
of the quantum mechanical description of nature. There is the implication that an
essential randomness is at work, at least in the sense that the answers to questions
we can ask of the quantum world are in general and in principle random. This
randomness seems not to have to do with a lack of complete knowledge of some
deterministic mechanism at work ‘behind the scenes’, but is an inherent feature of
how we are able to interface with the microworld. Another curious feature of the
quantum formalism is the indirect way in which the current knowledge of a system,
it’s ‘state’, is encoded mathematically. This quantum mechanical ‘state vector’ is
the central object of study and yet its status, beyond that of a calculational devise,
is still hotly debated.

We’ll explore these and other strange aspects of the quantum world and its
formalism in what follows. I want to give as honest an account as possible of
what makes quantum mechanics weird using essentially no mathematics but I also
want to show you how physicists represent things in their actual work — I’m going
to give you a genuine look at their symbolic language. So as not to obscure the

1I’ll interchangeably use the terms quantum mechanics, quantum theory and quantum physics.
2In truth, quantum mechanics is regarded as nothing less that the correct framework for all of

physics.
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tu
m

stu
ff
w
e
w
ou

ld
p
rep

are
it

in
eith

er
th
e
circle

state,

|
⟩
,

o
r
th
e
sq
u
are

state,

|
⟩
.

T
h
e
rem

arkab
le
fact

th
at,

w
h
en

w
e
p
rep

are
som

e
q
u
an

tu
m

stu
ff
in

a
state

of
d
efi

n
ite

co
lo
u
r
a
n
d
th
en

test
for

sh
ap

e,
th
ere’s

a
50%

ch
an

ce
of

fi
n
d
in
g
circle

an
d
50%

ch
an

ce
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O
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D

o
f
fi
n
d
in
g
sq
u
a
re

is
en

co
d
ed

in
th
e
fo
llow

in
g
sy
m
b
o
lics.
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⟩
=
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|
⟩
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⟩
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=
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⟩
+

|
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|
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=
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⟩
+
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W
h
a
t
th
ese

eq
u
a
tio

n
s
a
re

‘say
in
g
’
is
th
a
t
a
sta

te
o
f
k
n
ow

n
colo

u
r
ca
n
b
e
v
iew

ed
a
s
a

su
p
e
rp

o
sitio

n
o
f
sh
a
p
e
sta

tes
(th

e
fi
rst

tw
o
eq
u
a
tio

n
s)

a
n
d
th
a
t
lik

ew
ise

a
sta

te
o
f

k
n
ow

n
sh
ap

e
ca
n
b
e
v
iew

ed
a
s
a
su
p
erp

o
sitio

n
o
f
k
n
ow

n
co
lo
u
r
sta

tes
(th

e
th
ird

a
n
d

fo
u
rth

). 4
T
h
e
im

p
o
rta

n
t
ta
k
e
aw

ay
h
ere

is
th
is

n
o
tio

n
o
f
su
p
erp

o
sitio

n
.
It

m
ea
n
s

th
a
t
tw

o
p
o
ten

tia
l
ty
p
es

o
f
sh
a
p
e
a
re

sim
u
lta

n
eo
u
sly

p
resen

t
‘in

’
th
e
co
lo
u
r
sta

te
a
n
d

th
erefo

re
so
m
etim

es
w
h
en

w
e
test

a
sta

te
o
f
k
n
ow

n
co
lo
u
r
fo
r
sh
a
p
e
w
e
fi
n
d
circle

a
n
d
so
m
etim

es
sq
u
a
re.

T
h
e
n
u
m
b
ers

h
ere

en
su
re

th
a
t,

u
sin

g
th
e
a
fo
rem

en
tio

n
ed

ru
les

fo
r
ex
tra

ctin
g
in
form

a
tio

n
,
th
e
resp

ectiv
e
p
ro
b
a
b
ilities

a
re

ex
a
ctly

1
/
2
.
It

is
v
ery

im
p
o
rta

n
t
to

a
p
p
recia

te
th
a
t
if
so
m
e
q
u
a
n
tu
m

stu
ff
is
in

su
ch

a
su
p
erp

o
sitio

n
,

say
o
f
circle

a
n
d
sq
u
a
re

sta
tes,

it
is

n
o
t
th
e
sa
m
e
a
s
it

h
av

in
g
eith

er
th
e
sh
a
p
e

p
ro
p
erty

circle
o
r
sq
u
a
re.

T
o
u
n
d
ersta

n
d
th
is,

su
p
p
o
se

w
e
h
ave

a
la
rg
e
n
u
m
b
er

o
f

p
ieces

o
f
q
u
a
n
tu
m

stu
ff
in

th
e
k
n
ow

n
co
lo
u
r
sta

te
red

a
n
d
a
n
o
th
er

la
rg
e
n
u
m
b
er

o
f
p
ieces

o
f
q
u
a
n
tu
m

stu
ff

w
h
ich

co
n
sist

o
f
a
50
:5
0
m
ix
tu
re

o
f
circle

a
n
d
sq
u
are

p
ieces.

It
is

certa
in
ly

tru
e
th
a
t
testin

g
fo
r
sh
a
p
e
w
e
co
u
ld

n
o
t
d
istin

g
u
ish

b
etw

een
th
ese

tw
o
co
llectio

n
s
—

in
b
o
th

ca
ses

w
e’d

estim
a
te

th
a
t
h
a
lf
w
ere

sq
u
a
re

a
n
d
h
a
lf

w
ere

circle.
H
ow

ever,
testin

g
fo
r
colo

u
r
d
o
es

d
istin

g
u
ish

b
etw

een
th
em

sin
ce

th
e

co
llectio

n
o
f
p
ieces

o
f
q
u
a
n
tu
m

stu
ff
w
h
ich

a
re

su
p
erp

o
sitio

n
s
a
re

a
ll
in

th
e
k
n
ow

n
co
lo
u
r
sta

te
red

a
n
d
so

a
co
lo
u
r
test

w
ill

h
ave

certa
in
ly

h
ave

o
u
tco

m
e
red

fo
r
ea
ch

o
f

th
o
se

p
ieces

w
h
ilst

testin
g
th
e
5
0
:5
0
m
ix
tu
re

o
f
circle

a
n
d
sq
u
a
re

p
ieces

w
ill

resu
lt

in
ro
u
g
h
ly

a
5
0
:5
0
sp
lit

o
f
red

a
n
d
b
lu
e
o
u
tco

m
es.

T
h
e
rea

so
n
b
ein

g
th
a
t
ea
ch

sta
te

o
f
k
n
ow

n
sh
a
p
e
is

itself
a
su
p
erp

o
sitio

n
o
f
red

a
n
d
b
lu
e
sta

tes!
S
o
,
to

reitera
te,

g
iv
en

so
m
e
a
rb
itra

ry
p
iece

o
f
q
u
a
n
tu
m

stu
ff
in

so
m
e
u
n
k
n
ow

n
sta

te
|Ψ

⟩,
if
w
e
ca
rry

o
u
t
a
co
lo
u
r
m
ea
su
rem

en
t
a
n
d
fi
n
d
th
e
o
u
tco

m
e
red

th
en

w
e

h
ave

p
rep

a
red

th
e
p
iece

o
f
stu

ff
in

th
e
sta

te
|

⟩.
T
h
e
o
u
tco

m
e
o
f
a
n
o
th
er

co
lo
u
r

m
ea
su
rem

en
t
o
n
th
is

p
iece

is
n
ow

clea
r
—

th
e
m
a
th
em

a
tica

l
rep

resen
ta
tio

n
o
f
th
e

sta
te

o
f
th
e
stu

ff
is
tellin

g
u
s
it’s

red
a
n
d
testin

g
fo
r
co
lo
u
r
ca
n
o
n
ly

g
iv
e
th
is
resu

lt!
B
u
t
if
w
e
test

fo
r
sh
a
p
e
th
en

w
h
a
t’s

relevan
t
is

th
a
t
th
is

sta
te

h
a
s
th
e
q
u
a
n
tu
m

m
ech

a
n
ica

l
d
escrip

tio
n
a
s
a
su
p
erp

o
sitio

n
,

|
⟩
=

1√2
(i|

⟩
+

|
⟩)
.

T
h
e
o
u
tco

m
e
o
f
a
sh
a
p
e
m
ea
su
rem

en
t
is

th
erefo

re
ra
n
d
o
m

—
b
o
th

p
o
ssib

ilities
ex
ist

in
th
e
red

sta
te

w
ith

eq
u
a
l
p
ro
b
a
b
ility.

P
erh

a
p
s
w
e
test

fo
r
sh
a
p
e
a
n
d
fi
n
d

circle,
th
en

w
e
h
ave

sim
p
ly

p
rep

a
red

th
e
p
iece

o
f
q
u
a
n
tu
m

stu
ff
in

th
e
sta

te
|

⟩.
T
h
e
in
fo
rm

a
tio

n
th
a
t
it
o
n
ce

h
a
d
k
n
ow

n
co
lo
u
r
is
lo
st

fo
rev

er.
It’s

w
o
rth

p
au

sin
g
a

m
o
m
en
t
h
ere

to
refl

ect
o
n
ju
st

h
ow

d
iff
eren

t
th
is
b
eh
av

io
u
r
is
to

th
a
t
o
f
o
u
r
co
m
m
o
n

ex
p
erien

ce.
Y
o
u
m
ig
h
t
a
sk
,
b
u
t
h
ow

ca
n
th
a
t
b
e?

I’m
a
fra

id
I
h
ave

n
o
a
n
sw

er.
T
h
is

is
h
ow

n
atu

re
resp

o
n
d
s
w
h
en

w
e
p
ro
b
e
its

m
icro

stru
ctu

re
in

o
u
r
m
a
cro

sco
p
ic
term

s,
th
a
t
is,

u
sin

g
o
u
r
m
a
cro

sco
p
ic

la
b
o
ratory

eq
u
ip
m
en
t.

4D
o
n
’t
w
o
rry

a
b
o
u
t
th

e
sq
u
a
re

ro
o
t
o
f
2
a
n
d
th

e
i’s

a
p
p
ea

rin
g
h
ere

—
th

ey
’re

ju
st

th
ere

b
eca

u
se

a
s
p
ro
m
ised

I’m
g
iv
in
g
it

to
y
o
u
stra

ig
h
t,

ex
a
ctly

a
s
a
p
h
y
sicist

w
o
u
ld

w
rite

it.
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O
N
L
Y

A
W

O
R
D

in
th
is

st
at
e
th
er
e
is

n
o

el
em

en
t
of

p
h
y
si
ca
l
re
al
it
y
co
rr
es
p
on

d
in
g
to

sh
ap

e.
T
o

su
m
m
on

su
ch

an
el
em

en
t
of

p
h
y
si
ca
l
re
al
it
y
w
e
w
ou

ld
h
av
e
to

te
st

fo
r
sh
ap

e
b
u
t

th
at

m
ea
su
re
m
en
t
w
ou

ld
th
en

ca
u
se

th
e
el
em

en
t
of

p
h
y
si
ca
l
re
al
it
y
co
rr
es
p
on

d
in
g

to
co
lo
u
r
to

d
is
ap

p
ea
r.

A
s
fa
r
as

w
e’
v
e
se
en

th
en
,
th
ou

gh
co
m
p
le
m
en
ta
ri
ty

im
p
os
es

se
v
er
e
re
st
ri
ct
io
n
s

on
h
ow

m
u
ch

ca
n
b
e
k
n
ow

n
ab

ou
t
a
q
u
an

tu
m

sy
st
em

,
th
e
q
u
an

tu
m

th
eo
ry

d
o
es

n
ot

fa
il
th
e
E
P
R

cr
it
er
io
n
of

co
m
p
le
te
n
es
s.

T
h
e
gu

il
e
of

E
in
st
ei
n
an

d
h
is
co
ll
ea
gu

es
w
as

to
ex
p
lo
it

ce
rt
ai
n
p
er
fe
ct

co
rr
el
at
io
n
s
im

p
li
ed

b
y
th
e
ru
le
s
of

q
u
an

tu
m

m
ec
h
an

ic
s

to
ap

p
ar
en
tl
y
ci
rc
u
m
ve
n
t
th
e
ei
th
er
/o

r
im

p
as
se

im
p
os
ed

b
y
co
m
p
le
m
en
ta
ri
ty
,
an

d
al
lo
w

th
e
d
et
er
m
in
at
io
n
of

a
p
re
v
io
u
sl
y
u
n
k
n
ow

n
p
ro
p
er
ty

of
a
p
ie
ce

of
q
u
an

tu
m

st
u
ff
w
it
h
o
u
t
su
b
je
ct
in
g
it

to
a
d
ir
ec
t
m
ea
su
re
m
en
t.

T
h
es
e
co
rr
el
at
io
n
s
ar
is
e
fr
om

th
e
re
m
ar
ka
b
le

fe
at
u
re

of
q
u
an

tu
m

m
ec
h
an

ic
s
ca
ll
ed

e
n
ta

n
g
le
m
e
n
t.

T
o
ge
t
a
fe
el

fo
r
h
ow

E
P
R

ex
p
lo
it
ed

p
er
fe
ct

co
rr
el
at
io
n
s
co
n
si
d
er

th
e
fo
ll
ow

in
g

si
m
p
le
(c
la
ss
ic
al
)
ex
am

p
le
.
S
u
p
p
os
e
ea
ch

of
a
p
ai
r
of

gl
ov
es

h
av
e
b
ee
n
p
la
ce
d
in

tw
o

in
d
is
ti
n
gu

is
h
ab

le
cl
os
ed

b
ox

es
.
T
w
o
fr
ie
n
d
s,

A
li
ce

an
d
B
ob

,
th
en

ta
k
e
a
b
ox

ea
ch
.

A
li
ce

tr
av
el
s
w
it
h
h
er

b
ox

to
L
on

d
on

,
w
h
il
st

B
ob

tr
av
el
s
w
it
h
h
is

to
M
el
b
ou

rn
e.

B
ob

of
co
u
rs
e
ca
n
’t

te
ll
,
w
it
h
ou

t
op

en
in
g
h
is

b
ox

,
w
h
et
h
er

h
e
h
as

a
le
ft
-h
an

d
or

ri
gh

t-
h
an

d
gl
ov
e
an

d
so

ca
n
on

ly
gu

es
s
at

th
e
h
an

d
ed
n
es
s
of

A
li
ce
’s
gl
ov
e.

B
u
t
th
e

m
om

en
t
h
e
op

en
s
h
is

b
ox

in
M
el
b
ou

rn
e
an

d
se
es
,
sa
y,

a
le
ft
-h
an

d
gl
ov
e
h
e
k
n
ow

s
im

m
ed

ia
te
ly

an
d
w
it
h
10

0%
ce
rt
ai
n
ty

th
at

th
e
gl
ov
e
in

A
li
ce
’s

b
ox

in
L
on

d
on

fi
ts

a
ri
gh

t-
h
an

d
.
T
h
e
re
su
lt

is
al
re
ad

y
d
et
er
m
in
ed

th
an

k
s
to

th
e
p
er
fe
ct

co
rr
el
at
io
n

b
et
w
ee
n
w
h
at

A
li
ce

an
d
B
ob

ca
n
ob

se
rv
e
w
h
en

th
ey

op
en

th
ei
r
re
sp
ec
ti
v
e
b
ox

es
.

In
E
P
R

te
rm

s,
on

ce
B
ob

lo
ok

s
in
si
d
e
h
is

b
ox

th
er
e
ex
is
ts

an
el
em

en
t
of

p
h
y
si
ca
l

re
al
it
y
co
rr
es
p
on

d
in
g
to

th
e
h
an

d
ed

n
es
s
of

A
li
ce
’s

gl
ov
e
w
it
h
ou

t
A
li
ce

h
av

in
g
to

lo
ok

in
si
d
e
h
er

b
ox

.
O
f
co
u
rs
e
to

ta
lk

of
‘e
le
m
en
ts

of
p
h
y
si
ca
l
re
al
it
y
’
in

th
e
co
n
te
x
t

of
gl
ov
es

is
ju
st

si
ll
y.

W
e
k
n
ow

fi
n
e
w
el
l
th
at

gl
ov
es

h
av
e
a
h
a
n
d
ed

n
es
s
w
h
et
h
er

w
e

lo
ok

at
th
em

or
n
ot

an
d
th
e
p
er
fe
ct

co
rr
el
at
io
n
is

gu
ar
an

te
ed

si
n
ce

th
e
tw

o
gl
ov
es

in
th
e
ex
am

p
le
ca
m
e
fr
om

a
si
n
gl
e
p
ai
r!

B
u
t
q
u
an

tu
m

st
u
ff
,
as

w
e’
ve

al
re
ad

y
le
ar
n
t,

ca
n
on

ly
b
e
sa
id

to
h
av
e
a
sp
ec
ifi
c
p
ro
p
er
ty

if
p
re
p
ar
ed

th
ro
u
gh

th
e
ap

p
ro
p
ri
at
e
ac
t

of
m
ea
su
re
m
en
t
an

d
th
e
ch
oi
ce

of
ty
p
e
of

m
ea
su
re
m
en
t
is

u
p
to

u
s.

In
an

y
ca
se
,

cr
u
ci
al
ly

fo
r
th
e
E
P
R

at
ta
ck

on
q
u
an

tu
m

m
ec
h
an

ic
s,

it
tu
rn
s
ou

t
to

b
e
p
os
si
b
le

to
cl
ea
ve

tw
o
p
ie
ce
s
of

q
u
an

tu
m

st
u
ff

fr
om

a
si
n
gl
e
or
ig
in
al

p
ie
ce

in
su
ch

aw
ay

th
at

th
ey

ex
h
ib
it

co
rr
el
at
io
n
s
si
m
il
ar

to
th
e
tw

o
gl
ov
es
.
S
u
ch

a
p
ai
r
ar
e
sa
id

to
b
e

e
n
ta

n
g
le
d
. 4.

Q
u
a
n
t
u
m

M
e
c
h
a
n
ic
s
L
e
ss
o
n
2
-
E
n
t
a
n
g
l
e
m
e
n
t
(i
)

T
o
d
es
cr
ib
e
th
e
b
eh

av
io
u
r
of

en
ta
n
gl
ed

p
ie
ce
s
of

q
u
an

tu
m

st
u
ff
w
e
en

li
st

th
e
h
el
p

of
ou

r
tw

o
fr
ie
n
d
s,

A
li
ce

an
d
B
ob

.
T
h
ey

ar
e
ea
ch

st
at
io
n
ed

on
d
iff
er
en
t
ga

la
x
ie
s.

H
er
e
on

ea
rt
h
w
e
p
ro
d
u
ce

th
ou

sa
n
d
s
of

en
ta
n
gl
ed

p
ai
rs

of
p
ie
ce
s
of

q
u
an

tu
m

st
u
ff

an
d
fo
r
ea
ch

on
e
se
n
d
on

e
of

th
e
p
ai
r
to

A
li
ce

an
d
th
e
ot
h
er

to
B
ob

.
U
p
on

re
ce
iv
in
g

h
er

p
ie
ce

of
q
u
an

tu
m

st
u
ff
A
li
ce
,
fo
ll
ow

in
g
ou

r
or
d
er
s,
fl
ip
s
a
co
in

to
d
ec
id
e
w
et
h
er

to
te
st

fo
r
co
lo
u
r
or

sh
ap

e.
If
sh
e
te
st
s
fo
r
co
lo
u
r
sh
e
fi
n
d
s
th
at

th
er
e’
s
a
50

%
ch
an

ce
of

it
b
ei
n
g
re
d
an

d
50

%
ch
an

ce
of

it
b
ei
n
g
b
lu
e.

S
im

il
ar
ly
,
w
h
en

te
st
in
g
fo
r
sh
ap

e
sh
e
fi
n
d
s
th
e
re
su
lt
s
to

b
e
to
ta
ll
y
ra
n
d
om

,
th
er
e
b
ei
n
g
an

eq
u
al

p
ro
b
ab

il
it
y
of

it
b
ei
n
g
sq
u
ar
e
or

ci
rc
le
.
E
x
ac
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y
th
e
sa
m
e
ap

p
li
es

to
B
ob

.
A
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ar
gu

ed
,
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n
ot

ad
m
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si
b
le
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ar
gu

e
th
at

b
ec
au

se
B
ob

co
u
ld

h
a
ve

p
er
fo
rm

ed
a
d
iff
er
en
t
te
st
,
n
am

el
y
a
sh
ap

e
te
st
,
th
at

A
li
ce
’s

st
u
ff
al
so

h
as

d
et
er
m
in
ed

sh
ap

e.
In

h
is

in
im

it
ab

le
w
ay
,
B
oh

r
ex
p
re
ss
ed

th
is

as
th
e
fa
ct

th
at

B
ob

’s
te
st
,
w
h
at
ev
er

it
is
,
h
as

“a
n

in
fl
u
en

ce
o
n

th
e
ve
ry

co
n
d
it
io
n
s
w
h
ic
h
d
efi

n
e
th
e
po
ss
ib
le

ty
pe
s
o
f

p
re
d
ic
ti
o
n
s
re
ga
rd
in
g
th
e
fu
tu
re

be
h
a
vi
o
u
r
o
f.
..
”

A
li
ce
’s

st
u
ff
.
It
’s

h
ar
d
to

b
el
ie
v
e

th
at

th
is

re
al
ly

d
id

sa
te

th
e
co
m
m
u
n
it
y
’s

d
es
ir
e
fo
r
a
sa
ti
sf
ac
to
ry

re
so
lu
ti
on

b
u
t

q
u
an

tu
m

m
ec
h
an

ic
s
w
as

b
y
th
en

al
re
ad

y
p
ro
v
in
g
it
se
lf
an

ex
tr
ao

rd
in
ar
il
y
su
cc
es
sf
u
l

fr
am

ew
or
k
fo
r
u
n
d
er
st
an

d
in
g
th
e
m
ic
ro
sc
op

ic
fo
u
n
d
at
io
n
s
of

th
e
st
u
ff
of

n
at
u
re
,
an

d
th
e
m
a
jo
ri
ty

of
th
e
co
m
m
u
n
it
y
si
m
p
ly

re
tu
rn
ed

to
th
e
jo
b
of

ex
p
lo
ri
n
g
it
s
fu
rt
h
er

im
p
li
ca
ti
on

s
an

d
ap

p
li
ca
ti
on

s.
B
u
t
of

co
u
rs
e
th
er
e
w
er
e
li
n
ge
ri
n
g
d
ou

b
ts
.
E
in
st
ei
n
h
im

se
lf
so
on

d
is
ta
n
ce
d
h
im

-
se
lf
fr
om

th
e
em

p
h
as
is
in

th
e
E
P
R

p
ap

er
on

th
e
si
m
u
lt
a
n
eo
u
s
re
al
it
y
of

co
lo
u
r
an

d
sh
ap

e
p
ro
p
er
ti
es
,
fr
om

th
e
re
fu
ta
ti
on

of
B
oh

r’
s
p
re
ci
ou

s
co
m
p
le
m
en
ta
ri
ty

p
ri
n
ci
p
le
.

In
st
ea
d
,
h
is

d
is
co
n
te
n
t
fo
cu
ss
ed

on
th
e
si
m
p
le

la
ck
,
as

h
e
sa
w

it
,
of

a
sa
ti
sf
ac
to
ry

ex
p
la
n
at
io
n
w
it
h
in

th
e
q
u
an

tu
m

fo
rm

al
is
m

of
th
e
p
er
fe
ct

co
rr
el
at
io
n
s
ob

se
rv
ed

.
A
s

E
in
st
ei
n
p
u
t
it

in
a
19

47
le
tt
er

to
M
ax

B
or
n
,

“I
ca
n
n
o
t
se
ri
o
u
sl
y
be
li
ev
e
(i
n
qu
a
n
tu
m

th
eo
ry
)
be
ca
u
se

it
ca
n
n
o
t
be

re
co
n
ci
le
d

w
it
h
th
e
id
ea

th
a
t
p
h
ys
ic
s
sh
o
u
ld

re
p
re
se
n
t
a
re
a
li
ty

in
ti
m
e
a
n
d
sp
a
ce
,
fr
ee

fr
o
m

sp
oo
ky

a
ct
io
n
s
a
t
a
d
is
ta
n
ce
. ”
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 p
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H
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co
n
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n
ow

ce
n
tr
ed

o
n
th
e
is
su
e
th
a
t
if
q
u
a
n
tu
m

m
ec
h
a
n
ic
s
is

to
b
e
b
el
ie
v
ed

,
in

th
e
se
n
se

th
a
t
th
er
e
ar
e
n
o
h
id
d
en

va
ri
a
b
le
s
a
t
w
o
rk

p
re
d
et
er
m
in
in
g
th
e
m
ea
-

su
re
m
en
t
o
u
tc
o
m
es

o
f
A
li
ce

a
n
d
B
o
b
,
th
en

h
ow

ca
n
it

b
e
th
a
t
th
e
m
ea
su
re
m
en
t

o
u
tc
om

e
of

B
o
b
‘d
et
er
m
in
es
’
th
a
t
o
f
A
li
ce
.
R
et
u
rn
in
g
to

o
u
r
m
a
g
ic

tr
ic
k
,
h
ow

ca
n

it
b
e
th
at

B
o
b
in
sp
ec
ti
n
g
h
is
d
ie
fr
o
m

th
e
to
p
d
o
o
r
a
n
d
se
ei
n
g
a
6
gu
a
ra
n
te
es

th
a
t
if

A
li
ce

a
ls
o
in
sp
ec
ts

h
er

d
ie

th
ro
u
g
h
th
e
to
p
d
o
o
r
sh
e
m
u
st

a
ls
o
se
e
a
6
ev
en

th
o
u
g
h
,

w
o
rk
in
g
in
d
iv
id
u
a
ll
y,

ch
o
o
si
n
g
b
et
w
ee
n
th
e
tw

o
d
o
o
rs

a
t
w
il
l
th
ey

o
b
se
rv
e
n
ot
h
in
g

b
u
t
th
e
ex
p
ec
te
d
ra
n
d
o
m
n
es
s
o
f
a
ro
ll
ed

d
ie
?

T
o
b
e
fa
ir

to
E
in
st
ei
n
,
I
th
in
k
it
s

q
u
it
e
u
n
d
er
st
a
n
d
a
b
le

th
a
t
h
e
ch
o
se

n
o
t
to

b
el
ie
v
e
th
a
t
n
a
tu
re

co
u
ld

b
e
so

st
ra
n
g
e!

In
a
n
o
th
er

le
tt
er

to
B
o
rn
,
in

1
9
4
8
,
h
e
p
u
t
it

th
u
s.

“T
h
o
se

p
h
ys
ic
is
ts

w
h
o
re
ga
rd

th
e
d
es
cr
ip
ti
ve

m
et
h
od
s
o
f
qu
a
n
tu
m

m
ec
h
a
n
ic
s
a
s

d
efi

n
it
iv
e
in

p
ri
n
ci
pa
l
w
o
u
ld
..
.d
ro
p
th
e
re
qu
ir
em

en
t
fo
r
th
e
in
d
ep
en

d
en

t
ex
is
te
n
ce

o
f
th
e
p
h
ys
ic
a
l
re
a
li
ty

p
re
se
n
t
in

d
iff
er
en

t
pa
rt
s
o
f
sp
a
ce
;
th
ey

w
o
u
ld

be
ju
st
ifi
ed

in
po
in
ti
n
g
o
u
t
th
a
t
th
e
qu
a
n
tu
m

th
eo
ry

n
o
w
h
er
e
m
a
ke
s
ex
p
li
ci
t
u
se

o
f
th
is

re
qu
ir
em

en
t.

I
a
d
m
it
th
is
,
bu
t
w
o
u
ld

po
in
t
o
u
t:

w
h
en

I
co
n
si
d
er

th
e
p
h
ys
ic
a
l

p
h
en

o
m
en

a
kn

o
w
n
to

m
e,

a
n
d
es
pe
ci
a
ll
y
th
o
se

w
h
ic
h
a
re

be
in
g
so

su
cc
es
sf
u
ll
y

en
co
m
pa
ss
ed

by
qu
a
n
tu
m

m
ec
h
a
n
ic
s,

I
st
il
l
ca
n
n
o
t
fi
n
d
a
n
y
fa
ct

a
n
yw

h
er
e
w
h
ic
h

w
o
u
ld

m
a
ke

it
a
p
pe
a
r
li
ke
ly

th
a
t
(t
h
e)

re
qu
ir
em

en
t
w
il
l
h
a
ve

to
be

a
ba
n
d
o
n
ed
.
I
a
m

th
er
ef
o
re

in
cl
in
ed

to
be
li
ev
e
th
a
t
th
e
d
es
cr
ip
ti
o
n
o
f
qu
a
n
tu
m

m
ec
h
a
n
ic
s.
..
h
a
s
to

be
re
ga
rd
ed

a
s
a
n
in
co
m
p
le
te

a
n
d
in
d
ir
ec
t
d
es
cr
ip
ti
o
n
o
f
re
a
li
ty
..
. ”
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is

p
o
in
t
h
er
e
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t
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e
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m
p
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o
f
B
o
b
,
o
n
h
is

d
is
ta
n
t
g
a
la
x
y,

d
ec
id
in
g
to

te
st

h
is
p
ie
ce

o
f
q
u
a
n
tu
m

st
u
ff
fo
r
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lo
u
r
su
re
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ca
n
n
o
t
“
th
ro
u
g
h
so
m
e
sp
o
o
k
y
a
ct
io
n

a
t
a
d
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ta
n
ce
”
d
et
er
m
in
e
th
e
o
u
tc
o
m
e
o
f
a
co
lo
u
r
te
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m
a
d
e
b
y
A
li
ce

o
n
h
er

p
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o
f
q
u
a
n
tu
m

st
u
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a
d
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ta
n
t
g
al
a
x
y.

T
h
u
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th
o
u
gh

th
e
q
u
a
n
tu
m

fo
rm

a
li
sm

d
o
es
n
’t

se
em

to
n
ee
d
to

re
q
u
ir
e
p
re
ex
is
ti
n
g
p
ro
p
er
ti
es
,
so
m
e
fo
rm

o
f
in
st
ru
ct
io
n
se
ts
,
to

g
iv
e

ri
se

to
th
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e
p
ro
p
er
ti
es
,
th
ey

m
u
st

b
e
th
er
e
a
n
d
so

so
m
et
h
in
g
is
m
is
si
n
g
!
E
in
st
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n
’s

re
a
so
n
in
g
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s
re
a
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n
a
b
le

a
n
d
y
et

th
e
h
a
rd

tr
u
th

w
a
s
th
a
t
q
u
a
n
tu
m

m
ec
h
a
n
ic
s

se
em

ed
to

b
e
d
o
in
g
ju
st
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n
e
w
it
h
o
u
t
th
e
so
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ll
ed

‘h
id
d
en

va
ri
a
b
le
s’

(i
n
st
ru
ct
io
n

se
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)
a
n
d
to

m
a
n
y
E
in
st
ei
n
a
p
p
ea
re
d
to

b
e
w
a
st
in
g
h
is
ti
m
e
o
n
a
p
u
re
ly

p
h
il
o
so
p
h
ic
a
l

q
u
es
ti
o
n
.
A
s
W
o
lf
g
a
n
g
P
a
u
li
p
u
t
it
,
so
m
ew

h
a
t
u
n
ch
a
ri
ta
b
ly
(!
),

in
a
le
tt
er

to
B
o
rn

in
1
9
5
4
:

“O
n
e
sh
o
u
ld

n
o
m
o
re

ra
ck

o
n
e’
s
br
a
in

a
bo
u
t
th
e
p
ro
bl
em

o
f
w
h
et
h
er

so
m
et
h
in
g

o
n
e
ca
n
n
o
t
kn

o
w

a
n
yt
h
in
g
a
bo
u
t
ex
is
ts

a
ll
th
e
sa
m
e,

th
a
n
a
bo
u
t
th
e
a
n
ci
en

t
qu
es
ti
o
n
o
f
h
o
w

m
a
n
y
a
n
ge
ls

a
re

a
bl
e
to

si
t
o
n
th
e
po
in
t
o
f
a
n
ee
d
le
.
B
u
t
it
se
em

s
to

m
e
th
a
t
E
in
st
ei
n
s
qu
es
ti
o
n
s
a
re

u
lt
im

a
te
ly

a
lw
a
ys

o
f
th
is

ki
n
d
. ”

6
.
A
n
E
x
p
l
a
n
a
t
io
n
o
f
t
h
e
Q
u
a
n
t
u
m

C
o
r
r
e
l
a
t
io
n
s?

It
’s

a
ct
u
a
ll
y
ra
th
er

ea
sy

to
se
e
h
ow

a
sa
ti
sf
a
ct
o
ry

‘h
id
d
en

va
ri
a
b
le
’
ex
p
la
n
a
ti
o
n

ca
n
a
cc
o
u
n
t
fo
r
th
e
o
b
se
rv
ed

co
rr
el
a
ti
o
n
s.

W
e
su
p
p
o
se

th
a
t
so
m
eh
ow

th
e
p
ro
ce
ss

o
f

p
ro
d
u
ci
n
g
th
es
e
en
ta
n
g
le
d
p
a
ir
s
p
ro
d
u
ce
s
p
a
ir
s
o
f
p
ie
ce
s
o
f
q
u
a
n
tu
m

st
u
ff
th
a
t
a
re

in
fa
ct

ca
rr
y
in
g
in
st
ru
ct
io
n
s
o
f
h
ow

to
re
sp
o
n
d
to

co
lo
u
r
o
r
sh
a
p
e
m
ea
su
re
m
en
ts
.
In

a
si
n
gl
e
ru
n
,
th
en

,
it
m
ig
h
t
b
e
th
a
t
b
o
th

p
ie
ce
s
o
f
th
e
p
a
ir
w
er
e
ca
rr
y
in
g
in
st
ru
ct
io
n
s

fo
r
b
lu
e
ci
rc
le
.
O
f
co
u
rs
e
w
e
d
o
n
’t
h
av
e
a
cc
es
s
to

th
es
e
in
st
ru
ct
io
n
s,
th
ey
’r
e
h
id
d
en

,
so

w
e
ca
n
’t

sa
y
b
ef
o
re

A
li
ce

a
n
d
B
o
b
ca
rr
y
o
u
t
m
ea
su
re
m
en
ts

w
h
a
t
th
e
o
u
tc
o
m
es

w
il
l
b
e.

B
u
t
n
a
tu
re

‘k
n
ow

s’
th
a
t
if
A
li
ce

o
r
B
o
b
ca
rr
y
o
u
t
a
sh
a
p
e
m
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su
re
m
en
t

th
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’l
l
b
o
th

o
b
se
rv
e
th
e
o
u
tc
o
m
e
ci
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le

a
n
d
if
th
ey

te
st
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r
co
lo
u
r
th
ey
’l
l
fi
n
d
b
lu
e.

If
,
th
en

,
in

th
e
p
ro
ce
ss

o
f
p
ro
d
u
ci
n
g
th
o
u
sa
n
d
s
o
f
su
ch

en
ta
n
g
le
d

p
a
ir
s
2
5
%

o
f

th
e
ti
m
e
b
o
th

p
ie
ce
s
o
f
q
u
a
n
tu
m

st
u
ff
ca
rr
y
w
it
h
th
em

th
o
se

in
st
ru
ct
io
n
s
fo
r
b
lu
e

ci
rc
le
,
2
5
%

o
f
th
e
ti
m
e
fo
r
re
d
ci
rc
le
,
2
5
%

o
f
th
e
ti
m
e
fo
r
b
lu
e
sq
u
a
re

an
d
2
5
%

o
f

th
e
ti
m
e
fo
r
re
d
sq
u
a
re

th
en

th
is

w
o
u
ld

re
p
ro
d
u
ce

th
e
fi
n
d
in
g
s
o
f
A
li
ce

a
n
d
B
o
b
.

In
d
iv
id
u
a
ll
y,

5
0
%

o
f
th
e
ti
m
e
w
h
en

A
li
ce

o
r
B
o
b
te
st

fo
r
co
lo
u
r
th
ey
’d

fi
n
d
b
lu
e
an

d
5
0
%

o
f
th
e
ti
m
e
th
ey
’d

fi
n
d
re
d
.
L
ik
ew

is
e,

w
h
en

te
st
in
g
fo
r
sh
a
p
e
th
ey
’d

fi
n
d
ci
rc
le

1
2

R
E
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O
N
L
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A
W

O
R
D

50
%

of
th
e
ti
m
e
an

d
sq
u
ar
e
50
%

of
th
e
ti
m
e.

T
h
u
s,

as
re
q
u
ir
ed

,
th
ei
r
in
d
iv
id
u
al

re
su
lt
s
w
ou

ld
ap

p
ea
r
p
er
fe
ct
ly

ra
n
d
om

.
B
u
t,

on
th
os
e
o
cc
as
io
n
s
th
at

th
ey

b
ot
h

te
st
ed

fo
r
co
lo
u
r
or

sh
ap

e
on

tw
o
p
ie
ce
s
of

en
ta
n
gl
ed

q
u
an

tu
m

st
u
ff
,
th
at

is
,
th
ey

b
ot
h
te
st
ed

fo
r
th
e
sa
m
e
p
ro
p
er
ty

on
a
si
n
gl
e
ru
n
of

th
e
ex
p
er
im

en
t,

th
ey
’d

fi
n
d

th
at

th
ey

al
w
ay
s
ag
re
ed

an
d
th
at

25
%

of
th
e
ti
m
e
th
ey
’d

b
ot
h
ob

se
rv
e
re
d
,
25
%

of
th
e
ti
m
e
b
lu
e,

25
%

of
th
e
ti
m
e
ci
rc
le

an
d
2
5%

of
th
e
ti
m
e
sq
u
ar
e.

A
ll
of

th
is

in
p
er
fe
ct

ag
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em

en
t
w
it
h
th
e
ex
p
er
im

en
ta
l
re
su
lt
s
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su
m
m
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is
ed

in
th
e
ta
b
le

ab
ov
e.

S
o
p
er
h
ap

s
E
in
st
ei
n
w
as

ri
gh

t?
P
er
h
ap

s
th
at
’s

h
ow

it
w
or
k
s
an

d
th
e
q
u
an

tu
m

fo
rm

al
is
m

is
so
m
eh

ow
m
is
si
n
g
th
es
e
h
id
d
en

va
ri
ab

le
s
w
or
k
in
g
in

th
e
b
ac
k
gr
ou

n
d
.

B
u
t
h
ow

co
u
ld

w
e
ev
er

te
st

fo
r
th
ei
r
ex
is
te
n
ce
?

R
em

ar
ka
b
ly
,
th
at

q
u
es
ti
on

la
y

u
n
an

sw
er
ed

fo
r
ab

ou
t
30

y
ea
rs
,
u
n
ti
l
in

19
64

J
oh

n
B
el
l
m
ad

e
a
st
ar
tl
in
g
d
is
co
ve
ry
.

B
u
t
b
ef
or
e
w
e
ge
t
to

th
at

le
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s
ro
u
n
d
ou

t
ou

r
d
is
cu
ss
io
n
of

en
ta
n
gl
em

en
t
b
y
se
ei
n
g,

at
le
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t
sy
m
b
ol
ic
al
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,
h
ow

q
u
an

tu
m

m
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h
an
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s
ac
h
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ve
s
w
h
at

w
e’
ve

m
an

ag
ed

h
er
e

w
it
h
ou

r
h
id
d
en

va
ri
ab

le
s.

7.
Q
u
a
n
t
u
m

M
e
c
h
a
n
ic
s
L
e
ss
o
n
3
-
E
n
t
a
n
g
l
e
m
e
n
t
(i
i)

T
h
e
p
ai
r
of

p
ie
ce
s
of

q
u
an

tu
m

st
u
ff
ar
e
en
ta
n
gl
ed

b
ec
au

se
th
ey

or
ig
in
at
e
fr
om

a
si
n
gl
e
p
ie
ce

in
a
p
ar
ti
cu

la
r
w
ay

su
ch

th
at

th
ei
r
st
at
e
is
re
p
re
se
n
te
d
b
y
th
e
fo
ll
ow

in
g

ex
p
re
ss
io
n
.

|Ψ
⟩=

1 √
2
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⟩ A
|

⟩ B
−
|

⟩ A
|

⟩ B
)

T
h
e
A

an
d
B

su
b
sc
ri
p
ts

h
er
e
d
en
o
te

A
li
ce

an
d
B
ob

’s
p
ie
ce

of
q
u
an

tu
m

st
u
ff
.
T
h
is

is
th
e
m
at
h
em

at
ic
al

re
p
re
se
n
ta
ti
o
n
of

th
e
st
at
e
of

th
e
p
ai
r
of

d
is
ta
n
tl
y
se
p
ar
at
ed

p
ie
ce
s.

N
ot
ic
e
th
at

w
e
ca
n
’t

sa
y
th
at

A
li
ce

ce
rt
ai
n
ly

h
a
s
a
b
lu
e
or

re
d
p
ie
ce

of
st
u
ff
.

T
h
e
ov
er
al
l
d
es
cr
ip
ti
on

is
a
su
m

o
f
tw

o
p
os
si
b
il
it
ie
s.

It
’s

a
su
p
er
p
os
it
io
n
.

It
’s

li
k
e
w
h
at

w
e
sa
w

b
ef
or
e
w
it
h
a
st
at
e
of

d
efi

n
it
e
co
lo
u
r
b
ei
n
g
d
es
cr
ib
ed

as
a

su
p
er
p
os
it
io
n
of

th
e
tw

o
p
os
si
b
le

sh
ap

e
st
at
es
.

N
ow

su
p
p
os
e
B
ob

te
st
s
h
is
p
ie
ce

of
q
u
an

tu
m

st
u
ff
fo
r
co
lo
u
r
an

d
fi
n
d
s
b
lu
e.

T
h
is

n
ew

in
fo
rm

at
io
n

el
im

in
at
es

th
e
re
d

p
os
si
b
il
it
y
fr
om

th
e
d
es
cr
ip
ti
on

of
th
e
st
at
e

le
av

in
g
u
s
w
it
h
th
e
p
ai
r
d
es
cr
ib
ed

b
y
th
e
st
at
e
|

⟩ A
|

⟩ B
an

d
w
e
se
e
th
en

th
at

A
li
ce
’s
p
ie
ce

of
st
u
ff
m
u
st

al
so

h
av
e
b
lu
e
co
lo
u
r.

If
sh
e
te
st
s
fo
r
co
lo
u
r
sh
e
is
su
re

to
fi
n
d
b
lu
e.

O
n
th
e
ot
h
er

h
an

d
,
th
is
p
os
t
B
ob

m
ea
su
re
m
en
t
st
at
e
ca
n
al
so

b
e
w
ri
tt
en

as

|
⟩ A

|
⟩ B

=
1 √
2
(|

⟩ A
+
i
|

⟩ A
)
|

⟩ B
w
h
ic
h

sh
ow

s
u
s
th
at

if
A
li
ce

in
st
ea
d

te
st
s
fo
r
sh
ap

e
th
en

th
e
re
su
lt

is
en
ti
re
ly

ra
n
d
om

.
T
h
er
e’
s
a
50
%

ch
an

ce
sh
e’
ll
fi
n
d
ci
rc
le

an
d
50
%

ch
an

ce
sh
e’
ll
fi
n
d
sq
u
ar
e.

W
h
en

th
ey

d
on

’t
te
st

fo
r
th
e
sa
m
e
p
ro
p
er
ty

th
er
e
is

n
o
co
rr
el
at
io
n
.

W
e
ca
n
al
so

re
w
ri
te

th
e
or
ig
in
a
l
st
at
e
in

te
rm

s
of

sh
a
p
e
st
at
es

as
fo
ll
ow

s
(t
h
is
is

si
m
p
ly

a
m
at
te
r
of

p
lu
gg
in
g
in

th
e
ex
p
re
ss
io
n
s
w
e
sa
w

ea
rl
ie
r
re
la
ti
n
g
k
n
ow

n
co
lo
u
r

st
at
e
to

su
p
er
p
os
it
io
n
s
of

sh
ap

e
st
at
es
).

|Ψ
⟩=
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2
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⟩ A
|

⟩ B
−
|
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|

⟩ B
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In
th
is

fo
rm

w
e
se
e,

fo
r
ex
am

p
le
,
th
at

if
B
ob

te
st
s
fo
r
sh
ap

e
an

d
fi
n
d
s
sq
u
ar
e
th
en

th
e
u
p
d
at
ed

d
es
cr
ip
ti
on

of
th
e
en
ta
n
gl
ed

p
ai
r
is

d
es
cr
ib
ed

b
y
th
e
st
at
e
|

⟩ A
|

⟩ B
an

d
so

it
is

cl
ea
r
th
at

if
A
li
ce

m
ea
su
re
s
sh
ap

e
sh
e
to
o
w
il
l
fi
n
d
sq
u
ar
e.

8.
J
o
h
n
B
e
l
l’
s
c
o
n
t
r
ib
u
t
io
n

In
th
e
d
is
cu

ss
io
n
of

th
e
E
P
R

ar
gu

m
en
t
I
fo
cu

ss
ed

on
E
in
st
ei
n
’s
b
el
ie
f
th
at

th
er
e

m
u
st

ex
is
t
so
m
e
h
id
d
en

va
ri
ab

le
s
ac
co
u
n
ti
n
g
fo
r
th
e
p
er
fe
ct

co
rr
el
at
io
n
s.

T
h
is

is
of
te
n
d
es
cr
ib
ed

as
th
e
as
su
m
p
ti
on

of
re

a
li
sm

.
E
in
st
ei
n
’s
in
si
st
en

ce
th
at

p
h
y
si
cs

b
e

ab
ou

t
‘w

h
at

is
’.

T
h
e
id
ea

th
at

th
in
gs

h
av
e
p
ro
p
er
ti
es

w
h
et
h
er

or
n
ot

w
e
te
st

fo
r

R
E
A
L
IT

Y
IS

O
N
L
Y

A
W

O
R
D

1
3

th
os
e
p
ro
p
er
ti
es
.
T
o
E
in
st
ei
n
an

d
h
is
co
w
or
ke
rs

th
is
re
q
u
ir
em

en
t
w
as

th
e
in
ev
it
ab

le
co
n
cl
u
si
on

as
su
m
in
g
th
e
q
u
an

tu
m

re
su
lt
s
si
n
ce

th
ey

to
ok

it
as

se
lf
-e
v
id
en
t
th
at

th
er
e
co
u
ld

b
e
n
o
“s
p
o
ok

y
”
co
m
m
u
n
ic
at
io
n

b
et
w
ee
n

th
e
tw

o
p
ie
ce
s
of

q
u
an

tu
m

st
u
ff

to
or
ch
es
tr
at
e
th
e
ob

se
rv
ed

re
su
lt
s.

T
h
is

n
o
ca
u
sa
l
in
fl
u
en

ce
as
su
m
p
ti
on

is
ca
ll
ed

lo
c
a
li
ty

,
an

d
m
ea
n
s
th
at

th
e
te
st

B
ob

ch
o
os
es

to
m
ak

e
ca
n
n
ot

in
fl
u
en
ce

A
li
ce
’s

st
u
ff
or

v
ic
e
v
er
sa
.
F
or

E
in
st
ei
n
th
er
e
w
as

n
o
ro
om

fo
r
fl
ex
ib
il
it
y
on

th
is

p
oi
n
t.

A
s
I’
v
e
al
re
ad

y
m
en
ti
on

ed
it
w
as

a
fu
n
d
am

en
ta
l
p
ri
n
ci
p
le

in
h
is
ow

n
sp
ec
ia
l

th
eo
ry

of
re
la
ti
v
it
y.

T
h
e
co
n
se
q
u
en

ce
s
of

ca
u
sa
l
in
fl
u
en

ce
s
tr
av
el
li
n
g
fa
st
er

th
an

li
gh

t
al
lo
w

fo
r
a
ra
th
er

ca
ta
st
ro
p
h
ic

b
re
ak

d
ow

n
in

w
h
a
t
co
u
ld

b
e
ca
ll
ed

n
at
u
ra
l

ca
u
sa
li
ty
.
E
v
en
ts

in
th
e
fu
tu
re

co
u
ld

in
fl
u
en
ce

th
os
e
in

th
e
p
as
t!

E
in
st
ei
n
’s
re
la
ti
v
it
y

h
ad

b
an

is
h
ed

th
e
n
ot
io
n
of

in
st
an

ta
n
eo
u
s
ac
ti
on

-a
t-
a-
d
is
ta
n
ce

fr
om

p
h
y
si
cs

an
d
it

w
as

in
co
n
ce
iv
ab

le
th
at

it
w
ou

ld
b
e
re
in
tr
o
d
u
ce
d
b
y
q
u
an

tu
m

th
eo
ry
!

T
h
e
E
P
R

ar
gu

m
en
t
co
u
ld

th
u
s
b
e
su
m
m
ar
is
ed

as
fo
ll
ow

s:

Q
u
an

tu
m

M
ec
h
an

ic
s
+
L
o
ca
li
ty

=
⇒

H
id
d
en

V
ar
ia
b
le
s

N
ot
e
th
at

th
is
,
of

co
u
rs
e,

is
an

a
rg
u
m
en

t
b
as
ed

on
ce
rt
ai
n

st
ro
n
g
p
re
ju
d
ic
es
.

O
n
e,

as
ju
st

m
en
ti
on

ed
,
w
as

lo
ca
li
ty

an
d
th
e
ot
h
er

w
as

re
al
is
m
,
th
at

w
e
ca
n
th
in
k

ab
ou

t
re
al
it
y
in

th
e
at
om

ic
d
om

ai
n
in

th
e
sa
m
e
te
rm

s
as

w
e
ca
n
th
at

of
ev
er
y
d
ay

ex
p
er
ie
n
ce
.

N
ow

re
ca
ll
th
e
ex
p
la
n
at
io
n
w
e
ga
ve

of
th
e
p
er
fe
ct

co
rr
el
at
io
n
s
in

te
rm

s
of

ea
ch

en
ta
n
gl
ed

p
ai
r
ca
rr
y
in
g
w
it
h

it
on

e
of

fo
u
r
in
st
ru
ct
io
n

se
ts
,
b
lu
e
or

re
d

ci
rc
le
s

an
d
b
lu
e
or

re
d
sq
u
ar
es
.
T
h
is

is
an

ex
p
la
n
at
io
n
w
h
ic
h
sa
ti
sfi
es

th
e
re
q
u
ir
em

en
ts

b
ot
h

of
lo
ca
li
ty

an
d

re
al
is
m
.

In
19
64

J
oh

n
B
el
l,

a
p
h
y
si
ci
st

at
C
E
R
N
,
th
ou

gh
t

m
or
e
d
ee
p
ly

ab
ou

t
th
is

ex
p
er
im

en
ta
l
ar
ra
n
ge
m
en
t.

B
y
sl
ig
h
tl
y
co
m
p
li
ca
ti
n
g
it
,

eff
ec
ti
v
el
y
co
n
si
d
er
in
g
th
e
p
os
si
b
il
it
y
o
f
te
st
in
g
fo
r
on

e
of

th
re
e
p
ro
p
er
ti
es
,
h
e
p
ro
ve
d

a
re
m
ar
ka
b
le

re
su
lt
.
Q
u
it
e
ge
n
er
al
ly
,
in
d
ep

en
d
en
t
of

q
u
an

tu
m

m
ec
h
an

ic
s
it
se
lf
,
h
e

co
n
si
d
er
ed

w
h
at

co
rr
el
at
io
n
s
co
u
ld

ar
is
e
in

su
ch

a
se
tu
p
b
y
ju
st

as
su
m
in
g
w
h
at

E
P
R

h
el
d
so

d
ea
r,

n
am

el
y,

lo
ca
li
ty

an
d
re
al
is
m
.
H
e
ob

ta
in
ed

a
b
ou

n
d
on

th
e
p
os
si
b
le

co
rr
el
at
io
n
s,

ca
ll
ed

B
e
ll
’s

in
e
q
u
a
li
ty

.
T
h
en

,
ap

p
ly
in
g
th
e
q
u
an

tu
m

fo
rm

al
is
m

to
h
is

se
tu
p
h
e
d
em

on
st
ra
te
d
th
at

q
u
an

tu
m

m
ec
h
an

ic
s
p
re
d
ic
te
d
a
vi
o
la
ti
o
n
of

th
es
e

b
ou

n
d
s!

E
ff
ec
ti
v
el
y
w
h
at

h
e
d
em

on
st
ra
te
d
co
u
ld

b
e
ex
p
re
ss
ed

as
:

H
id
d
en

V
ar
ia
b
le
s
+
L
o
ca
li
ty

=
⇒

N
o
t
Q
u
an

tu
m

M
ec
h
an

ic
s

T
h
is

op
en

ed
u
p
th
e
p
os
si
b
il
it
y
of

ca
rr
y
in
g
ou

t
an

ex
p
er
im

en
ta
l
te
st

of
w
h
et
h
er

E
in
st
ei
n
w
as

ri
gh

t.
A

te
st

of
w
h
et
h
er

n
at
u
re

w
as

b
ot
h
lo
ca
l
an

d
re
al
is
ti
c!

It
w
as

a
h
ap

p
y
co
in
ci
d
en

ce
th
at

B
el
l’
s
an

al
y
si
s
ap

p
ea
re
d
ju
st

as
th
e
te
ch
n
ol
og
y

re
q
u
ir
ed

to
re
al
is
e
su
ch

an
ex
p
er
im

en
t
w
as

em
er
gi
n
g
.

S
ti
ll
,
it

w
as
n
’t

u
n
ti
l
th
e

fr
en
ch

ex
p
er
im

en
ta
l
p
h
y
si
ci
st

A
la
in

A
sp
ec
t’
s
fa
m
ou

s
19
82

ex
p
er
im

en
t
th
at

it
w
as

co
n
fi
rm

ed
th
at
,
in
d
ee
d
,
n
a
tu

re
o
b
e
y
s
q
u
a
n
tu

m
m
e
ch

a
n
ic
s
an

d
th
er
ef
or
e
on

e
of

lo
ca
li
ty

an
d
re
al
is
m

m
u
st

b
e
gi
v
en

u
p
.

B
el
l’
s
re
su
lt

is
n
ot

d
iffi

cu
lt

to
d
er
iv
e,

it
d
o
es
n
’t

re
ly

o
n
an

y
co
m
p
li
ca
te
d
m
at
h
e-

m
at
ic
s.

H
ow

ev
er

it
w
ou

ld
re
q
u
ir
e
u
s
to

go
b
ey
on

d
ou

r
si
m
p
le

co
lo
u
r/
sh
ap

e
m
o
d
el

of
q
u
an

tu
m

st
u
ff
.
F
or
tu
n
at
el
y
th
ou

gh
,
in

19
89
,
D
an

ie
l
G
re
en
b
er
ge
r,
M
ic
h
ae
l
H
or
n
e

an
d

A
n
to
n

Z
ei
li
n
ge
r
d
is
co
ve
re
d

an
ot
h
er

w
ay

of
d
em

on
st
ra
ti
n
g
th
e
fa
ct

th
at

th
e

co
m
b
in
at
io
n
of

h
id
d
en

va
ri
ab

le
s
an

d
lo
ca
li
ty

is
n
ot

co
n
si
st
en
t
w
it
h
q
u
an

tu
m

m
e-

ch
an

ic
s
an

d
w
h
ic
h
it

is
p
os
si
b
le

to
ex
p
la
in

u
si
n
g
ou

r
si
m
p
le

v
er
si
on

of
q
u
an

tu
m

th
eo
ry
.
In

an
y
ca
se

th
is

is
a
st
ro
n
ge
r
an

d
m
or
e
d
ra
m
at
ic

re
su
lt

th
an

th
e
or
ig
in
al

B
el
l
ar
gu

m
en
t
so

d
on

’t
fe
el

sh
or
t
ch
an

ge
d
!

1
4

R
E
A
L
IT

Y
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O
N
L
Y

A
W

O
R
D

9.
Q
u
a
n
t
u
m

M
e
c
h
a
n
ic
s
L
e
ss
o
n
4
-
T
h
e
G
H
Z

e
x
p
e
r
im

e
n
t

W
e
n
ow

n
ee
d
th
re
e
h
el
p
er
s,
A
li
ce
,
B
ob

an
d
C
h
ar
li
e
ea
ch

al
on

e
in

th
re
e
fa
r-
fl
u
n
g

ga
la
x
ie
s
to

en
su
re

th
er
e
ca
n
b
e
n
o
q
u
es
ti
on

of
on

e
in
fl
u
en

ci
n
g
th
e
o
th
er
.
E
ac
h
d
o
es

ex
ac
tl
y
as

A
li
ce

an
d
B
ob

d
id

fo
r
u
s
b
ef
or
e.

U
p
on

re
ce
iv
in
g
a
p
ie
ce

of
q
u
an

tu
m

su
ff
th
ey

ra
n
d
om

ly
ch
o
os
e
to

te
st

fo
r
co
lo
u
r
or

sh
ap

e
an

d
re
co
rd

th
ei
r
re
su
lt
.
A
s

b
ef
or
e,

ea
ch

ob
se
rv
es

an
ap

p
ar
en
tl
y
ra
n
d
om

se
t
of

re
su
lt
s.

H
av

in
g
co
ll
ec
te
d
p
le
n
ty

of
re
su
lt
s
th
ey

re
tu
rn

to
ea
rt
h
to

co
m
p
ar
e
w
h
at

th
ey

fo
u
n
d
.
It

h
a
p
p
en

s
th
at

th
ey

ar
e
u
n
an

im
ou

s
in

p
re
fe
rr
in
g
(o
n
p
u
re
ly

ae
st
h
et
ic

gr
ou

n
d
s)

ci
rc
le
s
ov
er

sq
u
a
re
s
an

d
b
lu
e
ov
er

re
d
so

b
lu
e
an

d
ci
rc
le

ar
e
d
ee
m
ed

‘g
o
o
d
’.
T
h
an

k
s
to

th
is
p
re
fe
re
n
ce

th
ey

n
ot
ic
e
a
re
m
ar
ka
b
le

p
at
te
rn

in
th
ei
r
re
su
lt
s.

W
h
e
n
e
v
e
r
tw

o
o
f
th

e
m

te
st
e
d

fo
r
sh

a
p
e
a
n
d

o
n
e
fo
r
c
o
lo
u
r
th

e
n

th
e
y

e
it
h
e
r
h
a
d

0
o
r
2
‘g
o
o
d
’
o
u
tc
o
m
e
s
b
e
tw

e
e
n

th
e
m
.

N
ow

le
t’
s
p
au

se
fo
r
a
m
in
u
te

an
d
th
in
k
ab

ou
t
w
h
at

im
p
li
ca
ti
o
n
s
th
is
m
ig
h
t
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